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more sensitive than primed or untreated seeds to
antings, seed vigor influenced the rate and per-
 earliness of fruit maturity, but had no effect on
ive or reproductive yield. Napropamide at 4.5 and
.8 kg·ha-1 had no effect on the rate or percentage
wth rate, or total fruit yield. Metribuzin increased
 application rate, and at 0.8 kg·ha-1 delayed early
ming
olution
r flu-
orced
eight
e seed
-weight
to the
iming
d to in-
creas  and decrease, respectively, the rate of
germination by » 40% (Argerich and Brad-
ford, 1989). Total germination was >98%
for control and primed seeds, and was re-
duced to 85% for the aged seeds (Argerich
and Bradford, 1989).
For greenhouse trials, primed, controlgermination rate, napropamide, me
Abstract. The interactions of seed vi
seedling emergence, growth, and fr
culentum Mill. cv. UC204C). Seed vigo
ing in an aerated solution of 0.12 M K 2H
followed by drying in forced air at 3
seed lot was reduced by controlled
basis) for 6 days at 50C (aged seed
for their sensitivity to napropamide 
studies. A seed vigor × herbicide 
conditions, where aged seeds were 
metribuzin. In April and May field pl
centage of final emergence and the
relative growth rate or total vegetat
9 kg·ha-1 and metribuzin at 0.4 and 0
of seedling emergence, relative gro
the mortality of seedlings at either
growth and fruit maturity in the April
from the water control for all char
names used: 4-amino-6-tert-butyl-3
2-( a -napthoxy)-N,N-diethyl propionam
Stand establishment is a critical s
the production of direct-seeded pro
tomatoes, particularly in early plan
cool soils. Both the final emergen
centage and the uniformity of seedlin
gence influence the management and
economic yield of the crop. Increas
of expensive hybrid seed makes the
of crop establishment even more 
Vigorous seeds are able to produc
uniform seedlings that efficiently syn
new materials and rapidly transfer 
the growing embryonic axis, resultin
creased seedling size and dry weig
mulation (McDonald, 1980).
Few studies have focused on the in
of seed vigor on seedling tolerance
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plant herbicides. In general, stand es
ment was poorer in adverse seedbed
seed of lower vigor was used, but he
injury was not significantly greater wit
vigor than with high-vigor seed of Glycine
max L. (Johnson and Wax, 1979), Zea mays
L. (Johnson and Wax, 1981), and Phaseolus
vulgaris L. (Wyse et al., 1976). If varia
seed vigor influences seedling metabo
Table 1. Effect of seed vigor and herbicid
weight of tomato seedlings 15 days aft
Seed type or
herbicide used
Seed type
Untreated
Primed
Aged
Herbicide
None
Metribuzin
Napropamide
Application ra
(kg·ha-1)
0
0.6
1.1
2.2
2.2
4.5
9.0
zMean separation in columns among seed
influenced by herbicides. Dry weight was
(P < 0.05), but was unaffected by napr
nonsignificant.
yDegree-days calculated using a base tem
described in Baskerville and Emin (1969).nt
,
espect to
-
 by prim-
f the same
dry-weight
 were tested
e and field
greenhouse
growth rates, the ability to tolerate se
herbicides might also be affected. Th
pose of this study was to investigate 
tablishment, growth, and yield of t
plants from seeds of different vigor 
exposed to napropamide or metribuz
plant herbicides.
Seeds of ‘UC204C’ tomato (Campb
Seeds, Davis, Calif.) were treated by 
ing or controlled deterioration to eith
crease or decrease the germination
sensitive indicator of vigor (Associati
Official Seed Analysts, 1983). The pri
treatment was 5 days in an aerated s
of 0.12 M K2HPO4 plus 0.15 M KNO3 (– 1.25
MPa osmotic potential) at 20C unde
orescent light, followed by drying in f
air at 30C to 6% water content (dry-w
basis). Another subsample of the sam
lot as aged at 13% water content (dry
basis) for 6 days at 50C and redried 
original water content (6%). These pr
and aging treatments were selectenot differ
Chemical
etribuzin);
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tablish-
s when
rbicide
h low-
ble
lic and
(untreated), and aged seeds were sown in
pots of sandy-loam soil (1% organic matter)
m xed with 2.2, 4.5, or 9.0 kg (a.i.) of na-
propamide/ha or 0.6, 1.1, or 2.2 kg (a.i.) of
metribuzin/ha. The temperature was main-
tained at 25/20C (day/night). The mean time
to emergence (MTE) was calculated from the
equation MTE = S tini/ S ni, where ni is the
number of newly emerged seedlings (coty-
ledon leaves unfolded) at time ti. Th ime
parameter was converted to a degree-days
basis using a minimum temperature thresh-
old of 10C, which was not affected by seed
tre tment (Argerich and Bradford, 1989), and
es on the mean time to emergence (MTE) and the dry
er MTE in a greenhouse trial.z
te MTE Dry wt
(degree-days)y (mg/plant)
53.7b 11.7a
43.6a 11.5a
79.2c 8.1b
45.8 11.5
46.2 7.8
45.6 5.2
44.2 2.1
46.7 11.5
46.3 10.7
46.7 8.5
 vigor levels by LSD, 5% level. MTE was not significantly
 reduced linearly with increasing metribuzin concentrations
opamide. The interaction of seed vigor × herbicides was
perature of 10C and averaged over diurnal temperatures as
Table 2. Effect of seed vigor and metribuzin on mean time to emergence in April and
May field trials.z
April planting
Total
Seed type Application fruit Green
or herbicide rate MTE fresh wt fruit
used (kg·ha-1) (degree-days)y (t·ha-1) (%) (d
Seed type
Untreated 57 a 118 a 14 a
Primed 52 b 117 a 15 a
Aged 84 c 116 a 18 b
Herbicide
None (hand-weeded) 0 65 114 13
Metribuzin 0.4 64 121 17
0.8 64 108 21
zMean separation in columns among seed vigor levels by LSD, 5% level. Metribuzin s f
green fruit in the April trial, where increasing concentrations of metribuz es 
Data for napropamide treatments are not shown as they did not differ sig  of seed vigor
× herbicides was nonsignificant.
yDegree-days calculated using a base temperature of 10C and averaged  Baskerville and
Emin (1969).
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rials,Fig. 1. Effect of metribuzin on the morta
for each seed treatment (primed, age
of emerged seedlings that subsequently
with metribuzin incorporated into the soil a
interaction was highly significant (P < 0.01).
a maximum temperature threshold
using a single sine formula (Baskerv
Emin, 1969). Fifteen days after th
emergence date for each seed tr
seedling mortality and shoot dry weigh
determined.
Field trials were conducted on a Yolo
soil (Typic Xerofluvents, 2% organic m
on two planting dates: 2 Apr. and 
1987. Herbicide rates were 4.5 and
of napropamide/ha and 0.4 and 0.
metribuzin/ha. Herbicides were app
the soil surface with a boom sprayer
liters-ha-’ and were incorporated 10 c
the surface with a rototiller. Imme
thereafter, 200 live seeds (based on 
germination percentages) from each se
level were planted 3 cm deep in sing
on 1.5-m-wide beds. A split-plot desig
employed, with herbicide rates as th
plots, seed vigor levels as the subpl
five replications. Plots were furrow
gated, and daily emergence counts w
to determine MTE based on degree-da
culated as above, using diurnal air t
ature data recorded at a nearby 
ed at 4-but the intercept of the 0.8-kg metribuzin/ha
HORTSCIENCE, VOL. 25(3), MARCH 1990ty of tomato plants 15 days after the mea
, or control = untreated). The data repr
died. The experiment was conducted in po
t the indicated rates. The herbicide rate 
of 32C
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station. Mortality of seedlings afte
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thinning to single plants 20 cm apa
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or 5-day intervals by destructive har
1-m row sections. Shoots were dried t
s ant weight at 75C to determine dry 
Destructive harvests of 3-m row sect
each plot were made at 124 and 11
after planting for the April and May 
respectively, and fruit maturity and yie
total shoot biomass were measured. T
nificance of mean differences was te
analysis of variance with partitioning
variances due to herbicide concentrat
linear and residual components.
Herbicides did not affect seedling 
gence in the greenhouse trial, regar
seed vigor level. The aged seed lot h
nificantly (P < 0.05) fewer emerged p
(70%) than the control (98%) or primed
lots. Dry weights of seedlings 15 day
the mean emergence date were affe
de ndently by herbicides and seed
but no significant interaction was ob(MTE) and tomato fruit yield and maturity 
May planting
Total
fruit Green
MTE fresh wt fruit
egree-days)y (t·ha-1) (%)
109 a 98 a 7.5 a
103 b 98 a 7.7 a
161 c 94 a 9.7 b
124 99 8.1
123 98 10.9
122 92 9.7
ignificantly affected only the percentage o
in linearly increased green fruit percentag(P < 0.05).
nificantly from the control. The interaction
over diurnal temperatures as described in
(Table 1). At the lowest rate of metr
(0.6 kg·ha-1), the seedlings from aged s
exhibited considerably greater mo
( » 80%) than did those from the control 
or primed (40%) seeds, resulting in 
nificant interaction between seed vig
herbicide rate (Fig. 1). Napropamide h
effect on seedling mortality (data not 
or dry weight (Table 1).
 emergence date
sent the percentage
s in the greenhouse
 seed vigor
 emer-
he mean
t. After
t, sub-
In field trials, seedling emergenc
centages were reduced markedly by s
ing. In the April planting, emerg
percentages were 80%, 85%, and 3
control, primed, and aged seeds, r
tively, and the corresponding values 
May planting were 62%, 55%, and 
Mean times to emergence were also
for aged seeds (Table 2). Herbicides 
effect on MTE (Table 2) or final see
mergence perc ntage (data not sho
in  r enhouse trial, metribuzin s
cantly increased seedling mortality
emergence for all seed lots (from 5
hand-weeded to 22% for the metr
treatments), but no significant interacti
seed vigor was detected. Seedling r
growth rates (slopes of ln dry weight 
gree-days) were not affected by see
or herbicides in either April or May tvest of
o con-
weight.
ions of
8 days
trials,
ld and
he sig-
sted by
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ion into
treatment was significantly less than that of
the control in the April trial (Fig. 2), indi-
cating a detrimental effect of the herbicide
 initial plant size. This inhibition of early
growth resulted in delayed fruit maturity for
the metribuzin treatments in the April trial
(Table 2). Total fruit yield (Table 2) and
shoot dry weight (not shown) were not sig-
nificantly affected by seed vigor or herbicide
treatments.
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The absence of metribuzin effects on MTE
or final emergence can be attributed to its
mode of action as a photosynthetic inhibitor
(Trebts and Wieroska, 1975). Once the seed-
lings became autotrophic, metribuzin mark-
edly reduced dry weight gain and increased
mortality in the greenhouse (Table 1; Fig. 1)
and delayed initial plant growth in the April
fi l  trial (Fig. 2). Under conditions favor-
able to herbicide toxicity, as in the green-
house (50% less solar irradiation and less
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(Amaranthus spp.) species to napropamide. WeedFig. 2. Natural logarithms of tomato s
(pooled across seed vigor levels) as fu
April field trial. The slopes of the linea
were identical at 0.017 (ln mg/plant p
treatment (0.44 ln mg/plant) was sig
treatment (0.94 ln mg/plant), indicating
soil volume than in the field), age
suffered greater mortality from me
than did control or primed seeds 
These results are in agreement with
Johnson and Wax (1979) in soybeans
S-propyl dipropylthiocarbamate (ve
was toxic only under greenhouse co
Similarly, an increase in phytotox
cereals occurred in response to de
seed quality and increasing pestic
dues in soil pots under greenhous
tions (Rajanna and de la Cruz, 1977
field, metribuzin reduced seedling dry
and growth initially, but the plant
quently recovered to the control gro
(Fig. 2). The roots may eventually
past the herbicide-treated zone, redu
take of the chemical. It is also poss
the use of glucose to detoxify the h
(Frear et al., 1983) could reduce th
hydrate status of a small seedling b
be less significant for a larger plan
greater assimilation rate.
The reduced early vegetative gro
due to metribuzin was reflected in 
fruit maturation without affecting tot
(Table 2). The reduced early growth w
served only in the April trial, in agre
with other reports that cold, wet, and
conditions increase metribuzin phyto
in tomatoes (Friensen and Hamill,
Phatak and Stephenson, 1973). The
mulated degree-days and solar radiat
ing the emergence and early growth
were 8% and 10% greater, respectiv
May than in April (data not shown)
improved growth conditions in May 
ently allowed the seedlings to grow
rapidly and escape the toxic effect
herbicide.
No significant phytotoxicity symp
were observed due to napropamide,
the highest rate (9 kg·ha-1). We expecte
this herbicide to be phytotoxic to earl
ling growth because of its inhibitory
on root cell division (Barrett and As
290oot dry weight accumulation for the he
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1978). However, tomato plants are
tolerant of napropamide due to rap
p rt f the active compound from 
s oots, where it is metabolized to n
products (Barrett and Ashton, 1981; 
et al., 1983).
The significant reduction in dry we
seedlings from the aged seed lot 15 d
m rgence in greenhouse condition
pared to those of control and prime
li gs (Table 1) supports the conce
reduced and delayed seedling emerg
the first symptoms of seed deteriorat
lowed by a lower rate of seedling 
(McDonald, 1980). In field trials, the
seed lot differed from the others in
emergence, fewer emerged plants, an
delay d fruit maturity (Table 2), but
growth rate and total yield did not d
to seed quality. Similar results w
served for soybeans and maize, wh
vigorous seedlings showed more
symptoms of herbicide injury, but w
reduction in yield (Johnson and Waxal yield
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1981). Thus, deteriorated seeds that a
jected to biological or environmental s
exhibit reduced field emergence, whi
(Johnson and Wax, 1979) or may not
ris, 1976; TeKrony and Egli, 1977; Ya
and Kulik, 1979) be related to final y
depending on the crop.
Primed seeds differed from untreated
only in a reduction in degree-days n
for emergence (9% less than control in
and 6% less in May) (Tables 1 and 2
earlier emergence of seedlings from 
seeds did not result in greater fruit m
at harvest (Table 2). In contrast, th
greater degree-days to emergence 
seeds than untreated seeds resulted
nifican ly greater percentages of gre
at harvest in both field trials (Table 2)
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and Sims, 1982), total fruit fresh weigh
not increased due to seed priming (Ta
In summary, although seed vigor 
enced the timing and extent of eme
and metribuzin reduced the survival of
lings, there was no significant interacti
tween seed vigor and herbicide tolera
field trials. Under conditions favorab
herbicide injury, seedlings from low-
seeds showed lower tolerance to met
than did seedlings from high-vigor se
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